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PREFACE 

In the preparation of this book, the author has en- 
deavored to treat the forging of iron and steel, and the 
hardening and tempering of tool steel, simply enough 
for the High School boy and at the same time thor- 
oughly and systematically enough for the veteran smith. 
A chapter has been introduced on the history of for- 
ging since it is thought to be of interest to all engaged 
in the work of forging metals. Another chapter on the 
manufacture of Iron and Steel has been inserted because 
it is believed that the workman should have some knowl- 
edge of the metals, and how they are obtained. It k/- 
not thought necessary or advisable to go deeply -ijhfo/ 
the subject of metallurgy, or to introduce metaJljbrgiCal-. 
theory. ,,-/v /• ',.;V-. -- ,. 

No attempt to treat specific exercises naV-beeia-,DfW^e; :-/-; 
the aim has been to bring out principles. All the"tnetbo3sL :" ' 

<l ^ •* w * 

used toward this end have been thoroughly tried -pu^^uiir- 
ing ten years of experience in teaching and supeWising 
Manual Training. Those wishing a course of study by 
which to work, or to use in outhning such a plan, will 
find in the Appendix a course of study which the author 
has tried out successfully with several hundred pupils in 
high school, and with students in college. 

In order to obtain the best information possible, the 
author has consulted nearly every book published on the 
subject. He has found much of value in the following: 
The American Steel Worker y by E. R. Markham; Prac- 
tical Blacksmithingy by M. T. Richardson; A Text Book 
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of Elementary Metallurgy y by Arthur H. Heoms; Metal- 
Iwrgy of Iron and Steely by Bradley Stoughton; Notes 
on Iron, Steel and Alloys, by Forrest R. Jones; A Hand- 
book of Art Smithing, by Franz Sales Mej'er; The 
Smithy and Forge, by W. J. E. Crane; Smith's Work, 
by Paul N. Hasluck; Forging, by John Lord Bacon. 
Acknowledgment is here made of the* use of these and 

other publications. 

W. A. R. 
February 15, 1915 
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FORGING OF IRON AND 

STEEL 



INTRODUCTION 

Forging is the process of shaping hot iron or steel by 
means of a hand hammer, a power hammer, or a press. 

This process of shaping may involve any one or all of 
the following operations: 

1. Drawing out. 

2. Upsetting. 

3. Shaping. 

4. Bending. 

5. Punching, cutting and splitting. 

6. Welding. 

7. Hardening and tempering of steel. 

8. AnneaUng steel. 

9. Brazing. 

1. Drawing out consists of lengthening metal by blows 
from a hammer, by rolUng it between rolls, or by press- 
ing it in a press usually operated by hydraulic power. 
The shape of the cross section of the metal may or may 
not be changed in the process. A square section may 
be made round, a round section made square or hex- 
agonal. 

2. Upsetting is the reverse of drawing out. It consists 
of shortening the length of the piece of metal and increas- 
ing the cross section by use of the hammer or press. 
What was said of the shape of the cross section under 
drawing out remains equally true in upsetting. 
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3. Shaping or changing the cross section of the piece 
of metal is also accomplished by means of either the 
hammer or press. This operation usually combines the 
first two. 

4. Bending is done with the tools already mentioned. 
It is performed on any shaped piece of metal. Usually 
one side of the piece is stretched, while the other is com- 
pressed or upset. 

5. Punching, splitting and cutting are operations very 
similar to one another. Punching is making holes of 
any shape. They usually are round, square, or ellip- 
tical, and are made by driving a punch of the proper 
size and section through the metal by means of blows 
or pressure. Splitting and cutting are accomplished by 
driving a chisel through the metal; splitting is usually 
lengthwise of the piece, and cutting, crosswise, to sever 
the stock. 

6. Welding is the uniting by force of two or more 
pieces of metal, or the two ends of a single piece (bent 
so as to meet), while heated to such a high temperature 
that they are plastic, thus allowing their fibers to be 
joined together. This requires a nice and contempo- 
raneous adjustment of the heat in the parts to be 
welded. The surfaces must be clean. 

7. Hardening and tempering are performed on tool 
or crucible steel. Hardening is accomplished by the 
sudden cooling of steel that has been heated to a very 
definite temperature.^ The degree of hardness depends 
upon the chemical content of the steel and the rapidity 
with which it is cooled. Tempering is the slightly soften- 
ing or toughening of a piece of hardened steel, by the 

^ Steel will harden at all temperatures above that of a very 
dull red; but there is one definite temperature that is correct. 
This correct temperature and its variation with different steels 
will be taken up in the text. 
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process of again heating it to some certain temperature 
— usually determined by the color of the oxide the heat 
produces, — and cooling it to prevent further softening. 

8. Annealing is the softening of a piece of hardened 
steel by heating it to a definite temperature and then 
allowing it to cool slowly so that it can be worked with 
cutting tools or by other means. 

9. Brazing is the joining together of two or more 
pieces of metal by means of a brass spelter or one of 
silver. 

All of these operations require special heating, which 
processes must be learned. The work must be done 
rapidly while the metal is hot, and the operations must 
be stopped before the temperature has fallen too low. 
These matters, as well as how to hold the metal and 
the hammer, how to strike — whether lightly or heavily, 
rapidly or deliberately — and what particular tool to use, 
will be discussed in the chapters which follow. 



CHAPTER I 

HISTORIC USE OF IRON AND STEEL 

The working of iron and steel is unquestionably one 
of the oldest of arts. It is known that iron was pro- 
duced and used at a very early date, probably in pre- 
historic times. 

Early Uses: 

In the Bible (Gen. iv, 22) we read of Tubal-cain, son 
of Lamech and Zillah, as "an instructor of every 
artificer in brass and iron." 

We can properly call Tubal-cain and these early metal 
workers smithsy even though they sometimes worked in 
brass, as their principal work was the making of armor. 

We find abundant references to show that this earliest 
of trades was held to be highly important. In I Samuel 
xiii, 19, we find, "Now there was no smith found 
throughout all the land of Israel: for the Philistines 
said. Lest the Hebrews make them swords or spears;" 
and we find that Nebuchadnezzar followed the same 
course among the Jews (II Kings, xxiv, 14), "And he 
carried away all Jerusalem, and all the princes, and all 
the craftsmen and smiths; none remained, save the 
poorest sort of the people of the land." Jeremiah xxiv, 1, 
also states that Nebuchadnezzar carried away the car- 
penters and smiths. 

The extent to which the work of these early smiths 
was carried can be seen from the following references to 
the Old Testament: Axes, Deut. xix, 5; II Kings vi, 5; 
stonecutters' tools, Deut. xxvii, 5; armor, coats of 
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rings and other articles of personal adornment imply 
that this metal was scarce and of great value. On the 
other hand, some of the articles unearthed are an iron- 
bladed adze with an ivory handle, a thin fragment of 
wrought iron plate found in an air passage of the Great 
Pyramid, and an iron blade of a falchion discovered 
under a Sphinx at Karnac. These articles imply that 
the metal was somewhat abundant. 

Herodotus, the Greek historian, thinks that iron was 
used generally by the Egyptians for weapons as early as 
the seventh century b.c. He believes this because 
when the Carians and lonians invaded Egypt they were 
armed with brass and bronze weapons, and an Egyp- 
tian, who had never seen arms made of these alloys, ran 
to inform the king, Psammetichus, of the matter. In 
Egypt, very few iron weapons have been found, however, 
whereas many of brass and of bronze have been un- 
earthed. This may be explained, in part, by the fact 
that iron rusts more than brass or bronze and by the 
supposition that the brass and bronze weapons belonged 
to the invading armies. 

Iron was known in Assyria and Babylon also. Exca- 
vations have brought to light various articles, such as 
weapons, finger rings, bracelets, chains, hammers, knives 
and saws. An iron store, the contents of which weighed 
approximately 385 tons, identified as unwrought ingots, 
was found at Korsbad. These ingots are pointed at both 
ends, with a hole near one end, probably so that they 
might be strung together and more easily transported. 

Iron came into use early in Palestine and Phoenicia, 
also in China, Japan, Persia, and India. It is claimed 
by the Chinese that steel was invented about 2000 B.C. 
and that the Indian steel was known fully as early. 

The early Greeks and Romans were acquainted with 
iron, and with them, as with the Egyptians, the first 
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iron probably was of meteoric origin. That bronze was 
used before iron is recognized by Greek and Roman 
writers. Hesiod and Homer, Greek poets, have written 
of bronze, iron and steel. Iron objects have been dis- 
interred at Troy and Mycene. The welding and solder- 
ing of iron is said to have been invented by Glaucos of 
Chios, about 600 b.c. Not only weapons of war were 
made of iron and steel but also crude farm implements. 
Iron was used also for ornamental vases and statues. 
At Delphi, a vessel of silver with a fancifully wrought 
iron base is described. Hercules is said to have had a 
helmet of steel and a sword of iron; and Saturn, a steel 
reaping hook. Diamachus wrote in the fourth century 
that different kinds of steel were then produced in 
various places. The best came from Chalybes and 
India, although steel from Lydia and Laconia was 
noted. Anvils, pincers, hammers and even the bellows 
pictured on Grecian vases are similar to those used 
now. 

The early history of the Romans tells us that they were 
familiar with this metal. Many iron articles have been 
found in Etruscan and in Roman graves at Pompeii, 
Vulci, and other places. In many instances, the utensils, 
weapons, and articles for use were of iron, while those 
for ornamentation were brass or bronze. It is probable 
that the early Romans obtained most of their iron from 
the island of Elba, but after acquiring the sovereignty 
of the world, they probably mined and manufactured 
iron in their provinces of Carinthia, Spain, and on the 
Rhine, where it is presumed that they found well-estab- 
lished industries. In brief, the Greeks and Romans knew 
iron and its use. They produced it in open hearths or 
ovens with the assistance of a natural wind draft or 
bellows, which sometimes produced a material similar to 
wrought iron and sometimes, steel. 
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Architectural and Domestic Uses. — During about the 
tenth century, iron and smiths' work began to be put 
to architectural and domestic uses. As a rule, the 
hammer and anvil were the only tools used in producing 
the artistic specimens which have been handed down to 
us. We must also consider that the smith of this time 
had not rolled materials of every form and size which 
are now obtainable, but that each rod, wire or sheet 
had to be wrought by himself. We must admit that 
these modem conveniences have not added to the ar- 
tistic nature of the product of the smith, but rather 
have taken away from it. Not only did manual labor 
produce a better iron than do mechanical operations of 
the present time, but the outward appearances were 
more original and interesting than those of machine 
production, although the latter is without question more 
exact and neat in appearance. 

As machinery came into use, hours of labor shortened, 
and products cheapened, with the result that large objects 
could be produced as well as small ones. In early times 
the smith was compelled to confine most of his labors to 
small articles, but even when large pieces were under- 
taken the results were very remarkable. 

During the twelfth and thirteenth centuries the work 
produced by the smith for architectural purposes ob- 
tained great importance. Herein the church also became 
interested and called for ornaments for doors and gate- 
ways, window fastenings, chests, and hanging candelabra. 
Hearth furniture, fire-dogs, wall an(^hors, and door- 
knockers were used in castles and other l)uildings. 

Romanesque Period. — The smiths' work of the Ro- 
manesque period presents very little beauty in external 
appearance, but by full and heavy forms it gives the 
impression of great stability. Th(^ followed the sim})le 
style of the architecture and the ornaments of the time. 
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duced, although it was limited almost entirely to fire 
backs and stove plate. 

The master armorers of Augsburg, Nuremberg and 
Munich attained great fame at this time. The most 
costly suits of armor in the museums of Paris, Madrid 
and Vienna came from the forges of these cities. The 
designs were furnished by Schwarz, Hirschvogel, Miehich, 
Floetner, Aldegrever, Dtirer, Wohlgemuth and Holbein, 
the most distinguished artists of the time. These masters 
added engraving and etching to the earlier arts of em- 
bossing and encrusting armor with precious metals. Be- 
sides armor they made exquisite shields and sword-hilts, 
also domestic utensils, tools, instruments of torture, 
strong boxes, statuettes carved from the solid, and even 
a throne which was presented to Rudolph II by the 
Augsburgers in 1574. 

German Work. — German iron-work is particularly 
worthy of study, not only because it is beautiful, but 
also because it enjoyed a boundless prosperity without 
a break, from the thirteenth century until the invasion 
of the first Napoleon, except during the Thirty Years' 
War. This is exceptional because in Spain, France, Eng- 
land, Italy and the Lpw Countries, the working of iron 
ebbed and flowed according to the prosperity of the 
countries. Blacksmithing was practised from the Rhine 
to the limits of Austria and from Denmark to Italy, and 
the greatest variety of articles was produced. Little is 
known of the work of the early Teutons. The iron hinges 
and guards on the Romanesque doors, which have with- 
stood time, show a striking resemblance to the work of 
central France, while others are patterned after the more 
carefully designed swagework of Paris. 

Not until the thirteenth century did the German 
blacksmiths show independent design. At this time in 
Marburg, Magdeburg and other places they began using 
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eltigant, bnincliing stmpwork ending in peculiar fieur 
de lis juid vino 1(miv(^s, which work wjis a German modi- 
fication of the Fn'nch design. Tliis breaking away from 
the French designs progressed during the next two cen- 
turies. The results were a distinct 
(Jerman design in which always 
appeared the vine, tracery, and 
Jleur de lis. In ('ologne, on the 
eve of the Renaissance, about two 
hundred years later, a new type of 
work appearetl with the thistle as 
a biise for the ticsign (Fig. 6), orip- 
nated by a family of smiths named 
Matays, which produced the cele- 
brated Antwerp well cover. The 
thistle combined with tracery was 
in vogue until displaced by Kenais- 
sance ornament. 

Baroque Period. — In the "baro- 
que" period the striving after pomp 
and grjindeur produced some very 
large pieces of elaborate work used 
mostly in the service of courts and 
princes. The term, baroque, is un- 
derstood to mean oval. In this 
particuliir style the spirals are squeezed together so as 
to form oviils, and also are ornamented with foliage 
{Fig. 7). As this style was used by the architects 
almost exclusively in the buikhngs of the Society of 
Jesus, it is often called the Jesuit stylo. 

Some of the changes from earlier periods are: Round 
l)ars gave place to square ones; bars that heretofore 
were threadetl through each other were changed to halv- 
ing and oversetting; foi^ngs were placed on sheet-iron 
backings (Fig, 8); leiives became bolder, and rosettes 
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was unnecessary. Balustrades and balcony railings put 
in an appearance, as well as large iron gates for churches, 
palaces and parks. The demand for sign brackets and 
signs for guilds increased. Wrought iron gained more 
popularity in this line than ever before. The disappear- 
ance of straight lines is a particular feature of this 
period; they were used only when it was absolutely 
necessary. In phice of these we find wild scrollwork. 
The acanthus similar to that once used in the Gothic 
was again brought out but the foliage was more crinkled. 




Fig. 9 



It was evident that the idea was to avoid flat surfaces 
and to put life into the work in a simple way. Festoons, 
sprays and garlands were put in every vacant or empty 
space (Fig. 9). 

Deterioration of Art Iron-work. — At the beginning of 
the reign of Louis XIV in France, the rococo designs 
had reached their height and the demand for artistic 
forgework took a turn backward to the more simple 
styhj. (jI rills were made of antique scrolls with inter- 
woven and flowery borders of small stiff design. Wreaths 
with many bows and ribbons were placed in elliptically 
shaped shields. This degeneration of art forgework con- 
tinued down to the first of the nineteenth century. 
Then for three-quarters of a century little attention was 
given to it. But, twenty or thirty years ago, in Germany 
and some other countries, considerable interest sprang up 
and work is now produced equal to that of any of the 
old smiths. It is characteristic of our time, due to the 
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machine-made tools, rivets and a large variety of rolled 
shapes: 

Transition. — While the work of the smith as a pro- 
ducer of art degenerated, the smith as a producer of tools 
for the shop and field improved, and now since the 
introduction of machinery that calls for hardened steel 
parts and for drop and pressed forgings, the smith with 
his knowledge of metals and how they should be heated 
has in the main passed to a work of far greater practi- 
cal value, though not so artistic 



CHAPTER II 

IRON AND STEEL 



Tmk piirpoHr of this (•lui|)ier is briefly to explain the 
proHiirtion of iron und sUnd und to point out some of 
Mii'ir r\inrtu'U*r\H\'u'H. It is thought best not to introduce 
II throH'ticwil diHcuHsion of metallurgy. 

KINDS OF IRON 

Iron Im an plcrnciit. As used eommercially, it is never 
«*ntin'ly fn-e from impuriti(^s, some of which have a use- 
ful inllijtMMM' and others a harmful one. The presence of 
ijtt4*ful impinities iti th(^ iron and the method of obtain- 
ing th«' metal from th(^ •or(\s gives rise to three general 
rlawwn of iron: i.(\, cast iron (pig iron), steel and 
wrought iron. 

Tlirre ntv. two characteristic's common to all of the 
above (rlasHcs, i.c»., all contain iron to the extent of 92% 
or more, and all contain the element carbon, as the next 
most importiuit constitu(^nt. 

Pig Iron is tJie raw form of iron just as it comes from 
th(? blast furnac(;. Almost all iron and steel are reduced 
from tli(j ovi) to tlui form of pig iron, and are then refined 
by various procc^ssc^s into the cast iron, steel or wrought 
iron. 

Cast Iron is tlui most impure form in which iron metal 
is us(jd. It is weak and brittle; it cannot be heated and 
forged. To be shaped it must be melted and cast in 
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molds, or machined with cutting tools. The per cent of 
impurities in cast iron varies between wide limits as can 
be seen from the following table: 

Analyses of Cast Iron ^ 



G. C. 


C. C. 


T. C. 


Si. 


Mn. 


P. 


S. 


2.73 
2.83 


0.66 
0.79 


3.39 
3.58 
3.75 


2.42 
1.59 
0.85 


1.00 
0.79 
0.50 


0.31 

0.485 

0.45 


0.04 
0.08 
0.05 



Steel. — Steel is the name given to various compounds 
of iron and small quantities of carbon, silicon, manga- 
nese, sulphur, and phosphorus. It is purer and stronger 
than cast iron and can be shaped either by being melted 
and cast into molds or by being forged. 

Special steels contain, in addition to the impurities 
mentioned, definite proportions of chromium, tungsten, 
manganese, nickel, vanadium, and wolfram. In general, 
steel is classified according to its amount of carbon, as 
follows: soft steel, having less than 0.3%; medium 
steel, having from 0.3% to 0.75%; and hard steel, 
having from 0.75% to 1.50%. 

Wrought Iron. — Wrought iron is the purest com- 
mercial form of iron. It is similar to very low carbon 
steel, except that it is not produced by being melted 
and cast in molds, and that it is always forged to the 
desired shape. It rarely contains more than 0.12% of 
carbon. It is produced by the refining of pig iron by a 
process known as puddling. 

Harmful Impurities. — The impurities in iron and steel 
that are harmful are sulphur, arsenic, and phosphorus. 
Sulphur causes the metal under the hammer to crack or 

^ G. C. is Graphite Carbon, C. C. Combined Carbon, T. C. 
Total Carbon. The other terms have their regular chemical sig- 
nificance. 
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crumble, when worked hot, while phosphorus causes it 
to cniek or crumble when worked cold. 

Hot Short or Red Short. — When impurities, such as 
sulphur and arsenic, render the metal unworkable at a 
red heat, it is said to be red short, and when unworkable 
at a welding heat it is hot short. 

Cold Short. — The phosphorus impurity will cause 
iron to crack when it is worked or hammered while cold. 
Iron in this condition is said to be cold short. 

FUEL — FLUXES AND ORES 

Iron is mined in the form of oxides or carbonates. All 
of these ores generally are mixed with earthy and other 
impurities in widely varying proportions, and must be re- 
duced by means of heat, thus making the use of various 
fuels and fluxes necessary. 

Fuels. — The fuels which are used for reducing iron 
ores are, chiefly, as follows: charcoal, anthracite, and 
coke. The purer these fuels are the better will be the 
iron produced, other things being equal. 

Fluxes. — A flux is a substance which is added to 
metalliferous bodies and unites with the foreign matter, 
to form a slag which is fusible. The flux to be employed 
will vary with the nature and amount of the impurities 
in the ore. Thus iron ores containing silicate of alumina 
need a flux of lime. Fluor spar is used as flux for sul- 
phates of barium, calcium, and strontium. 

Ores. — The ores which are used chiefly in the pro- 
duction of iron are the oxides of iron. They are here 
briefly described. 

Magnetite (Fe304) when pure contains 72.41 % of iron. 
It is the richest and purest iron ore. Swedish iron is 
made from it. 

Red Hematite (Fe203) is a rich, red-colored ore con- 
taining 70% of iron. It is the most plentiful and 
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widely distributed iron ore, and is the principal ore from 
which bessemer steel is made. 

Brown Hematite (2 Fe203 + 3 H2O) is red hematite 
chemically combined with water. When pure it contains 
59.97 % of iron. 

Calcining or Roasting. — Before iron ore can be used 
as iron, it must be reduced to the metallic state by the 
process of smelting. Ores, such as the carbonate and 
sulphide ores, which contain much volatile matter, are 
calcined, i.e., heated slowly to a temperature below that 
of fusion, in order to drive off the volatile matter. In 
this manner the carbonate ore, Fe2C03, is changed to 
Fe203. The sulphide ore, FeS2, is acted upon in a similar 
manner. 

The calcining is performed by placing the ore, together 
with the proper amount of fuel, in heaps, in the open 
air or in roasting kilns. The fuel is ignited and the 
whole mass gradually heated. 

Water is driven off as steam, and the carbon dioxide 
(CO2) and sulphur (S) go off as gases. Roasting in 
kilns is more satisfactory than in heaps, since the kilns 
can be worked continuously, for they are shaped like a 
large foundry cupola. 

REDUCTION AND REFINING OF ORES 

The Blast Furnace; — The first operation in the refin- 
ing of iron ore is performed in the blast furnace (Fig. 10). 
The product is called either cast or pig iron. The fur- 
nace consists of a vertical shaft of iron or steel plate from 
40 to 100 feet high, — the standard height ranging from 
75 to 85 feet, — which is lined with a refractory material, 
thus leaving an interior circular space from 12 to 30 feet 
at its largest diameter, which maximum diameter is just 
below mid-height. From this region, the walls con- 
tract gradually in both upwards and downwards. 
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and slags ^ both descend as liquids to the bottom and 
accumulate in the crucible (the light slag on top) until 
they are tapped off. The iron is tapped off at intervals 
at (F) and the slag at the cinder notch (G). The action 
of the blast furnace is as follows: As the fuel is con- 
sumed at the bottom the charge moves slowly downward 
and its temperature is constantly increased. The ore 
becomes roasted into either Fe203 or Fe304. The lime- 
stone is changed to lime by giving up carbon dioxide 
(CO2), and the fuel is burned either to carbon monoxide 
(CO) or carbon dioxide. This CO2 formed in these reac- 
tions, coming in contact with the fuel, is decomposed 
into CO and O.- The lime unites with the silica and 
alumina, forming a double silicate of aluminum and 
lime, which is melted in the lower part of the furnace. 
The iron oxide (Fe203) freed from its impurities, coming 
in contact with the carbon monoxide (CO), gives up its 
(O), forming carbon dioxide (CO2), and free iron. The 
iron, as it passes down into the hotter parts of the fur- 
nace, is in a spongy condition, in which state it readily 
absorbs carbon from the incandescent fuel. By this car- 
burization, the melting point of the iron is lowered so 
that it becomes melted and runs to the crucible as cast 
iron, and there accumulates till drawn off. The slag 
flows toward the bottom of the furnace, but being lighter 
than the iron, floats on it and is tapped off at a higher 
level. 

The air blast, before it reaches the furnace, is heated 
by passing through the hot-blast stoves (Fig. 11), which 
are heated by the gases from the furnaces. The stoves 
are used in pairs, so that one can be heated while the 
other is heating the blast. 

Wrought iron, the purest commercial form of iron, is 

^ The substance resulting from the fusing together of the flux 
and the impurities in the ore. 
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\Vhil(» carlx)!! is being oxidized, carbonic oxide is 
foniHMl, which })ub})les to the surface, thus producing 
wliat is cailod the boiUng stage. The entire mass is in a 
state of violent agitation. As the impurities are removed 
th(* iron gracUially ('onu\s to nature, or solidifies, and is 
work(Ml into balls as in the j)rocess of dry puddling. 
Thes(» balls are sj)ong(»-like masses of wrought iron, the 
interstices of which are filled with liquid slag. After 
they arc taken from the fumiice, they are raised to a 
welding heat, the slag is squeezed out, and the metal 
welded into blooms with a hammer or squeezer. Then 
tluy are passcnl througli rolls and shaped into merchant 
bars. 

MILD STEEL 

Open Hearth Process. — In this process pig iron is 
m(4t(Hl and to it is added wTought iron or cold steel 
scrap. Tlie furnace used is the Sienian's Regenerative 
Furnncc (Fig. 13). It is a gas-fired furnace, using either 
natural or ])r()(lucer gas, which is made to give a very 
much higher tenii)erature by being heated or regenerated 
before burning. The furnace has a hearth (A), covered 
over with a low flat roof to reverberate the heat. There 
are at least two passageways on either side, one at (R) 
for air and the other at (S) for gas, each connecting with 
a separate regenerator filled with fire-brick, which are 
laid with small openings between them to allow the pas- 
sage of gas and air. The gas and the air enter the fur- 
nace flues on the same side of the hearth, each going 
through its own regenerator compartment to the ter- 
minals, where they mix and burn over the hearth in the 
combustion chamber (B). The hot gases of combustion 
pass out through the passages on the side opposite to 
that of the other set of regenerators and in so doing heat 
the checker work (as the bricks are called) to a very 
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The Siemans-Martin, or pig or scrap process, consists 
of diluting, in u regenerative furnace, pig iron with 
scrap wrought iron or steel. The intense heat of the 
furnace keeps tlie steel liquid until it is poured into 
molds. There are three methods of producing open 
hearth steel. 

By the first methQd^ the pig iron is charged on the 
hearth and melted with an oxidizing flame, during which 
process part of the silicon, manganese, and iron combines 
with the oxygen of the flame, as in the puddling process. 
Scrap is then charged in, but slowly, in order not to 
chill the molted metal. The scrap, having but little 
carbon, reduces the percentage of carbon in the melted 
total, which is converted into mild steel or essentially 
wrought iron, kept liquid by the intense heat. The in- 
jurious FeO that is present is eliminated by adding 
ferro-mangancse, the manganese uniting with the oxygen 
to form slag. The resulting melt is cast into molds. 

The second method consists in charging wrought iron 
puddle balls into the melted i)igs. 

The third method consists of charging the pig and scrap 
together. 

The SiemanSy or pig and ore process. By this method, 
a bath of cast iron is decarburized by adding ore rich in 
oxygen, as Fe304 or Fe203. The oxygen unites with the 
carbon, silicon, and manganese of the cast iron to form 
slag and CO. 

In the process just described, the lining of the hearth 
of the furnace is of silica which acts on the phosphorus 
in the iron, changing it to phosphoric acid, which re- 
mains in the iron. If the pig iron contains much phos- 
phorus, a lining of lime and magnesia is used. When 
iron is melted in a furnace having a lining of lime and 
magnesia, the process and furnace are said to be basic; 
and when a silica lining is used, they are termed acidic. 
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tipiwd for ('harfi;ing the iron cannot rise as high as the 
tuyen^ li()l(\s. B(»fore th(» charged converter is turned 
to tlie vertical position, the air bhist of about twenty- 
five pounds per scjuare inch is turned on to prevent the 
iron from running out of the tuyeres while the con- 
vert (t is returning to, and iissuming the vertical position. 
WluMi tlu^ c()nv(Tt(T lining is acid, the silicon, man- 
ganese, and carbon of the iron are burned out simul- 
taneously by means of the 
air blast, which elements 
act as fuel to raise the 
temperature of the charge. 
The resulting slag is blown 
out of the mouth and is 
there burned, producing 
brilliant sparks. In the 
Fig. 15 converter the carbon is 

burned to CO, which at 
the mouth burns to Ci)o. Thus the cast iron is changed 
to wrought iron or mild steel, which is kept liquid by 
the int(^nse heat. Wlien the charge has been properly 
converted, and this is told by the color of the flame, the 
converter is again turned on its side and molten spiegel- 
('ificn is poured into the metal, to recarbonize it, to re- 
duce iron oxid(^ and to remove gases. The converter 
is then turntnl farther down so as to dump the entire 
(charge into a ladle. From the ladle it is poured into 
ingot molds. In the acid process, or when the converter 
has a silica lining, no phosphorus is removed from the 
iron, and so with this lining in use the iron must be low 
in phosphorus. 

Basic Process. — For iron with much phosphorus a 
basic lining is used. The phosphorus in this case takes 
the place of the silicon as the fuel. In the basic process 
we have so large a quantity of slag formed that it must 
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be poured off, and then the converter is returned for a 
short period of blowing called an after blow, to convert 
the remaining phosphorus into slag. The remainder of 
the process is the same as the acid process. The tem- 
perature at which the metal is poured into the ingot 
molds must be carefully regulated or the ingots will be 
porous. If the cast iron hiis too much of the fuel ele- 
ments the temperature will be too high; and if too little, 
it will be too low. When too high, the temperature is 
reduced by adding scrap steel; when too low, the con- 
verter is tipped to one side and a part of the tuyere 
holes are uncovered to introduce oxygen to bum the 
CO to CO2 inside the converter^ instead of at the mouth, 
and thus to heat the metal as in a revcrberatory furnace. 

The capacity of a Bessemer .Converter varies from 
1000 pounds to about 15 tons and the average time of 
working 10 tons is about 20 minutes. 

Ingot molds are made of cast iron. They are from 
6 to 7 feet high, open at the top and bottom and taper- 
ing from the base, the large end being the bottom. The 
bottom is closed by setting the mold on a cast-iron 
plate. After the molds have been poured and allowed 
to cool slightly, the mold is lifted off and the ingots are 
placed in a soaking pit, where they can cool slowly so 
that the interior will solidify and the outside will not 
become cold. This gives a uniform temperature through- 
out, so that the ingot is ready for rolling into bars, 
rails, etc. 

It is interesting to note that to make a steel rail by 
the Bessemer process, after the iron leaves the blast 
furnace no additional fuel is necessary other than that 
contained within itself. 

Tool Steel or Crucible Steel. — The best tool steel is 
made from wrought iron by the cementation process. 
Bars of the purest wrought iron are cut into pieces about 
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I" by 5" by 12'' and are packed with alternate layers 
of finely crushed charcoal in boxes of fire-brick. The 
cover is luted on with clay to prevent the air and furnace 
gases from injuring the contents. It is then placed into 
a furnace and slowly heated to about 3000 degrees F. 
At this teini)erature it is held for several days and then 
allowed to cool. While thus heated the iron absorbs a 
portion of the charcoal (carbon), but not uniformly, the 
carbon being more dense near the surface. From the 
blisters that have formed on its surface, the product of 
this process is term(id blister steel. Tfhese bars are 
coarse-grained and brittle and must be broken into 
small pieces, placed in fire-clay or graphite crucibles, 
and then plac'od in a crucible furnace where a tempera- 
ture high enough to rcielt the steel is obtained. When 
melted, the crucibles are lifted out and the contents 
poured or teemed, as it is called, into ingots (about 3"^ by 
3" by 3") of the same composition throughout but coarse- 
grained and weak. It is next reheated and rolled or 
hammered into commercial bars of fine grain. The more 
the bar is hammered the closer and finer becomes the 
grain. 

Cheai)er grades of steel are made by omitting the 
cementation process and charging the wrought iron and 
charcoal into the crucil^le. When the iron melts it ab- 
sorbs the carbon. A clieap grade also may be made by 
melting together wrought iron and cast iron. 

The special high-speed steels are made in about the 
same way as the car})on steels, except that they contain 
amounts of other chemical elements or compounds added 
to the contents of the crucible. 

Rolling Mill. — Wrought iron and steel, after they 
have reached the ])loom or ingot stage, must be rolled. 
This rolling is done in a rolling mill which consists of 
two or three rolls held in position by a frame called 
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In i\w two high mill after the bars had been passed 
through the roll, they had to l)e passed back to the start- 
ing side by Inking lifted over the top roll. They were then 
passed })a('k through the rolls, but through a smaller 
and possibly differently shaped groove, until of desired 
shape and size. This jwissing of the iron baek over the 
top roll consumed time and allowed the iron to cool; 
hen('(» tluTe wius made the three high mill (Fig. 16) in 
which {\\v iron could l)e reduced by rolling through the 
two top rolls on its way back. Now a train or several 
scTics of rolls are used so that a bar can be started in at 
one end of the series of rolls and come out finished at the 
other. Each series of rolls must be speeded enough 
faster than those Ix^fore so that they will pass the 
lengthened bars through without allowing the bars to 
buckle. 

The luiniinering of tool steel is accomplished by means 
of ordinary steam or power hammers. 

REVIEW QUESTIONS ON IRON AND STEEL 

• 

1. What is iron obtained from? 

2. Name the important iron ores. 

3. What is calcining or roasting? How is it done? What 
does a roasting kiln look like? 

4. What is a blast furnace used for? Describe its parts. 
How is ore and flux charged on? WTiat is flux? What is the 
operation of the blast furnace? How and when is the charge 
tapped off? 

6. What is a hot-blast stove? What is it used for? Why 
are hot-blast stoves worked in pairs? 

6. What is wrought iron? What is puddling? Describe a 
puddling furnace. How many puddUng processes are there? 
Name them. What kind of flame is used in dry puddling? What 
becomes of the impurities in the iron? What happens to the melt- 
ing point of iron when the impurities burn out? What is a 
puddle ball; a puddler? Are the puddle balls solid? What is a 
bloom? 
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7. In wet puddling how is the oxygen obtained? What kind 
of lining is used? What advantage is there in using the wet 
process? 

8. What is melted and made in the open-hearth process? 
What kind of a furnace is used? What are regenerators? What 
is the Siemans-Martin process? Describe the various methods. 
What does ferro-manganese do when added to the melt on an 
open-hearth furnace? What is the Siemans pig and ore process? 
Where does the oxygen come from in this process? What is the 
effect of the silicon lining of a furnace on phosi)horus in the iron? 
Why is the hearth of the furnace sometimes lined, previous to 
melting, with alkaline substance as lime and magnesia? What is 
meant by basic process? What is the capacity of an open-hearth 
furnace? 

9. What is Bessemer steel? How is it produced? How does it 
differ radically from other processes? How is the metal prevented 
from running out through the tuyeres? What furnishes the fuel? 
What does the spiegeleisen do? When is the lining of a converter 
acid or basic? Why must the temperature be carefully regulated 
during the pouring of ingot molds? Describe ingot molds. Why 
are ingots placed in soaking pits? 

10. What is the first step in making the best tool steel? Wliat 
materials are used? Why does the blister steel have to be re- 
melted? What improves the grain of th(x steel, after it is poured 
into ingots? 

11. What is a two high mill? A three high mill? What is a 
train of mills? Why must each set of rolls in a train have a 
successive different speed? 
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and (cheaply n hut and non-oxidizing fire. The hoods on 
down-draft forges can be raised and lowered.^ 

Blowers are of two types, the fan (Fig. 22) and the 

pressure (Fig. 23). The pressure blower is the better 

eince it gives a 

steady blast, where- 

t . , as that from the fan 

BeUows (Fig. 24) 

Fig. 24 were formerly much 

used to furnish 

ttic l)liLst for blowing the fire, but they are rarely found 

in modern shops. 

Anvil. — Next to the forge the anvil (Fig. 25) is the 
most important part of the shop equipment. Anvils 
art! rated by their weight; No. 150 meaning one that 
weighs 150 pounds. The size used in shops ranges from 
No, 150 to No. 250 and is selected according to the work 



Fig. 25 

to be done. Anvils weighing 100 lbs. are very satisfactory 
for school use. On the older anvils of English make the 
weight is stamped on the side. Three numbers are used; 
' The author believes a foi^ open underneath ia the better, as 
the parts are more accesaible far repairs. 
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the first represents hundredweight (cwt.) of 112 lbs., the 
second or middle number, the quarters of a hundred- 
weight, and the third or right-hand number, the odd 
pounds. Thus 1-2-8 means 112 lbs. + 56 lbs. + 8 lbs. = 
176 lbs. This anvil would be called a 175 lb. anvil. 

The names of the parts of an anvil are shown in 
Fig. 25. About half the length of the edge (a) is rounded 
to a quarter-circle as shown in Fig. 26. 
The radius (r) of the curve varies from 
about l*^ at the cutting block to zero or 
a sharp edge at (6), Fig. 25. The bal- 
ance of this edge and all of the other 
edges of the face are sharp and will cut 
stock when it is hammered against them. ^^^ go 

The object of this rounded edge is to 
have a place where stock can be bent at an angle without 
danger of being cut, as this might cause the work to crack. 
The square or hardie hole is designed to hold the hardie 
and bottom swages and fullers. The round hole, called 
the punch or pritchel hole, is used in punching holes, to 
. give a place through which slugs can pass. The pritchel 
hole is also sometimes used as a heading tool. The face 
of the anvil is made of tool steel welded to the body, 
and hardened, so it is not easily injured by hammering 
upon it. The cutting block is left soft so that cutters 
and chisels when coming in contact with it when cutting 
or splitting through a piece of iron will not be dulled. 
Pieces to be cut should be placed on the cutting block 
and not on the face of the anvil. 

The anvil should be set on a heavy block of wood or 
on a cast-iron base made for the purpose. The wood 
block is to be preferred since it is more elastic. The cast- 
iron base is neater in appearance and for light work is 
very good. The height of an anvil should be suited to 
the smith. For most convenient use it should be high 



CHAPTER IV 
FUEL AND FIRES 

The selection of a fuel and the making and care 
of a fire are essential to first-class work. Especially 
is this so in welding iron and working tool steel. No 
matter how good his shop equipment or how fine his 
set of tools, the smith cannot produce good work with 
them if his fire is dirty, too thin, or otherwise not 
suited to the work in hand. 

Fuel. — The coal employed in the forge should be a 
bituminous coking coal, as free from ash, sulphur, 
and other injurious matter as possible. It should be 
fine screening or run of mine. If it is run of mine, 
the large lumps should be broken into fine pieces. 
The excellence of coal is determined by the watching 
of how the fire burns. If it sometimes gives a hot fire 
and sometimes not; if it comes up fast and then rapidly 
dies out; if the flame is red, edged with ])lue; if the 
coke that is formed is dark-colored and easily crumbled; 
if it is difficult to make welds; then the coal is of in- 
ferior quality. The following tests, offered ])y the 
Pennsylvania Coal and Coke Company, can be ])(t- 
formed by any one and will aid greatly in the sc^lection 
of suitable forging coal. 

Tests. — Take several pieces the size of your fist 
and crack them open. If little white scales or l)rown 
deposits appear between the layers, they are sulphur. 
It is bad for any iron and steel and al)solutely pr(n^(^nts 
making good welds. A suitable smithing coal contains 
no such white scales or brown deposits. 
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which is being heated. An important use of this fire 
is in welding steel to iron. 

QUESTIONS FOR REVIEW 

Why is the selection of a fuel important? What is the most 
common fuel for forging? What are the tests for good coal? 
What do white and brown spots in coal indicate? What gives 
the blue flame sometimes seen in a forge fire? Why? What 
does the color of the coke indicate? What does slate in the 
coal pile do? What does a short-lived fire indicate? Is char- 
coal a good fuel? Why? How many types of fires are there? 
What is an oxidizing fire? What is a reducing fire? Describe 
how each type of fire is built. Which is the best for general 
use? 
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blow, one grasps the sledge with the right hand at the 
end of the handle, swings it from the floor to the height 
of the waist, grasps the handle at about the middle 
with the left hand, lifts with both hands until the left 
is over the left shoulder (Fig. 83),^ and strikes straight 
downward onto the work, — without changing the hands, 
barely letting the right hand slip towards the end. 

When striking a swinging blow one grasps with both 
hands close to the end of the handle, and the sledge is 
placed on the work where the blow is desired. The 
helper then steps back till his arms are at full length 
(Fig. 84). The feet are placed at about right angles 
but the heels should be fully 12" apart. In this posi- 
tion one can swing the sledge through a circle and 

down upon his work, producing a heavy blow. 

« 

DRAWING DOWN 

Drawing down or drawing out consists in lengthening 
the stock by reducing the area of the cross section, 
either throughout its entire length or a portion. The 
cross section may be kept the same shape or it may be 
changed, as from round to square or from square to 
octagonal. Small stock usually is worked on the face 
of the anvil. When the iron is to be expanded, both 
in length and breadth, the flat face of the hammer is 
used, but when it is to be stretched in one way only, 
the pene of the hammer is used, and the work is struck 
with the pene at right angles to the direction in which 
extension is desired. This action is that of a dull wedge 
forcing the metal in the desired direction. The straight 
pene should be used for widening tlu^ stock as shown 

* It is natural for some people to take hold of the handle with 
the hands reversed from the position just descnlied. For such 
persons the description will answer if they substitute the words 
right hand for left hand, in each case. 
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result is that the dimensions are not very exact. The 
upset metal, in spite of much care in localizing the 
heat to the place wanted, is unequal and without sharp 
shoulders; hence to allow for drawing back to the desired 
form and size considerably more must be upset than is 
needed. 

Upsetting tends to separate the fibers of the metal. 
It is therefore necessary that the work be done at a 
welding heat. 

Pieces of any length will tend to bend when being 
upset and should be straightened as soon as a bend 
starts, because additional blows will simply bend the 
stock more and produce no upsetting. 

The blows must be heavy enough to work the 
metal the entire distance that is to be upset, in 
order that the section may remain uniform through- 
out. If it is found that the ends are spreading 
faster than the center of the stock, they can be so 
cooled that when struck with the hammer they will 
remain unchanged while the hot middle part is 
worked. This can be repeated till the piece has 
become uniform in section. 



QUESTIONS FOR REVIEW 

Describe the position of the smith at the anvil. IIow should 
the hammer be hold? How many ways of striking with a sUhI^o 
are there? Describe each. How is the hammer hold for light, 
finishing blows? What is drawing out? What is uj^sctting? 
How should a round piece be drawn down? If in working a 
square piece it gets diamond shape, how can it b(^ mad(^ square 
again? When and how is the pene of the hammer us(ul in draw- 
ing out? What is the action of th(^ penc^? When is thc^ horn of 
the anvil used? Why? What effect h:is the crown on the anvil 
face in drawing out? When do we use the flat face of tlu* haninior? 
Describe drawing down a square bar. A rectangular bar. How 
do you change from a rectangle to a s(iuare and vice versa? How 
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many sides need be hit with the hammer in drawing down a 
square? How are short pieces upset? Long, heavy ones? Long, 
light ones? If the ends upset faster than the middle, what can 
be done to work the middle up? How heavy a blow is needed 
in upsetting? What is a swinging monkey? Will the metal 
upset evenly? 
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BENDING AND TWISTING 




Bending and twisting ure very important, but com- 
paratively simple. 

Curves and rings of light section are easily Ixnit over 
the horn or round edge of the anvil, or around a suitable 
mandrel. With heavy sections l)ending blocks are neces- 
sary. It is easier to bend bar iron flatwise than edge- 
wise. Along the center of the bar 
(a-a) (Fig. 97) or the neutral axis, 
as it is called, the l)ending is 
rerformed without strete'hine or 
^^* shortening the fibers, but on tlu^ 

convex side of this neutral axis all the fibers are stretduMl. 
The greater the distance is from (a-a), the greater tlu^ 
extension. Again, all the fib(Ts on the concave side an^ 
shortened or compressed and the greater tlu^ distance, 
the greater the comi)ression ; therefore, the greatcT tlu» 
distance (6) tlie more the work that must l)e done in 
the extension and compression. Also the metal tends 
to wrinkle or buckle and must be kept straight by 
hammering. 

Flat Bend. — Bending a piece of iron the flat way to 
some angle is the most simple case of IxMiding. Supj)ose 
a piece of rectangular iron is to be bi^nt to a right angl(^, 
the corner (a) (Fig. 99) to be left roundcMl. The iron is 
heated to a bright red heat at th(^ place whcTc^ the ImukI 
is to be made, rested on the face of the anvil with tlie 
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twist. It is also hard to keep the piece from l)ending 
as the wrench cannot always be backed up by the left 
hand owing to the heat. When the piece comes out 
crooked it can be straightened without marring by 
heating it to a dull red, and hammering it between two 
hardwood boards. 

QUESTIONS FOR REVIEW 

How are curves and rings bent? What should b(^ used for hcnivy 
stock? What is the neutral axis? How is the ni(»tal disposed of 
that is bulged out by compressing in making a bend? Describe 
how to make a flat bend. Descril)e bending to a U. How is a 
ring bent? Why should the piece never be stru(;k direc^tly over tli(^ 
horn? Why is the piece first bent to a right angle in making an 
eye bend? In the edge bend, why is it easier to make the j)ie(re by 
the first method descrilx^d? Why must the inside corner l)e kept 
away from the edge of the anvil after it is first Ixuit? Why in 
making the edge bend, must tlu^ pie(^e always be kept at an angle 
greater than a right angle till the corner has been forged sharp? 
What arc bending plates? When is it profitable to use them? De- 
scribe how they are used. Describe* the operation of twisting. Whj^ 
must one work fast when twisting a pi(M;e of hot iron? Why can 
a piece of cold iron be twisted more evenly than hot? 
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upon a riveted joint depends upon the manner in 
which the plates are brought together. In Fig. 124 at 
(a) are two holes with the large end of the taper on the 
outside, and the effect is the same as a slight counter- 
sink, causing the rivet to draw the plates together. It is 
evident that this desirable method will make a tiglit 
joint. It has two drawbacks, however: puncliing from 
opposite sides is difficult; in making repairs it is hard 
to remove the old rivet without injury to the plates. 
At (b) are shown plates placed together with the large 
diameter of the holes inside. This is bad, since the 
tendency in driving the rivet will be to spread the 
plates apart. This rivet would also be hard to remove 
for repairs, (c) shows the plates both punched from 
one side. This will make it hard to drive the rivet 
and get a tight joint and the rivet will also be hard to 
remove from side (x). But it can be easily removed 
from side (?/), if it is accessible. At (d) are shown cases 
where the rivets do not come fair. In these cases the 
rivets bend in driving and the result is that they do 
not fill the hole. 

QUESTIONS FOR REVIEW 

What arc the ordinary ways of splitting sto(5k? Doscribo a hot 
chisel. How is it used? Why is the small hole needed at the end 
of the place where the split is to he? How are light pi(MH\s split 
in the vise? Why is pun(;hing better on some cla.saes of work than 
drilling? Describe the method of punching a hole through a 
piece of iron. Why must the hole be punched from both sides? 
Why must the punch be left in the holo whon the bulged sides ar(^ 
hammered back? Why nuist the punch l)e changed from oru* side 
to the other in hammering ]>ack the l)ulged sides? Why must th(^ 
punch be dipped in water often while it is used? How is th(» punch 
prevented from sticking in deep holes? What will liapp(»n if the 
end of the punch is allowed to get soft? What is riveting? What 
is a rivet? How are rivets named? (live the names. What is 
meant by pitch, double riveting, J)utt and laji joints? What is a 
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dolly-bar? Why should riveting be done hot when a tight joint 
is to be made? Why are light hammer blows used when a pair of 
tongs are riveted? Why is a cupping tool used? What is the effect 
if the large diameters of punched holes are on the outsides? on 
the insides? one inside and one outside? If the lioles do not come 
fair? 
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the tool is heated to a white heat. The stock is placed 
in the tool, the heated portion up, and is given heavy 
blows with hammer or sledge, which will upset and head 

the piece at the same time. After the second 
or third blow it should be examined to see 
if the head is concentric with the stem, and 
if not, it should be made so, as described 
*^' above. Care must be taken to keep the 

stem below the die straight, and not to let the end that 
rests on (a) become burred or it will become too large to 
pass through the die. The piece can be removed by 
striking the lever (a). 

QUESTIONS FOR REVIEW 

Describe a fuller and tell what it is used for. What is the action 
of a fuller in spreading stock? Describe a swage and tell its use. 
What are circular swages used for? What are V-shaped ones for? 
Why are circular swages made larger than the work to be finished 
in them? Why are they always less than a half-circle? What is 
a spring swage and what is its use? Describe swage-blocks and tell 
their use. Describe the operation of using a swage. What is a 
flatter? Give some of its uses. What is a set hammer? Give its 
uses. What is a heading tool? What is it used for? How many 
kinds of heading tools are there? What is the advantage of the 
floor heading tool? How can the head be moved in case it is 
not concentric with the stem. 
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half as much as does borax. It does not fuse as easily 
as borax but forms an excellent covering for the steel to 
prevent oxidation. . 

Although steel can be welded, it should be avoided 
when the pieces are to be hardened, for they are almost 
sure to crack at the weld when dipped in the hardening 
solution. 

Hammer refining in steel welding is a very important 
part of the operation and never should be neglected. 

QUESTIONS FOR REVIEW 

What is welding? What is meant by the welding heat? How 
do each of the materials, wrought iron, mild steel, and tool steel 
look when at the welding heat? What kind of metals can be 
welded? What characteristics do they have when being heated to 
the melting point? What causes the diflBculty in welding? How 
must the fire be kept? What does air, dirt, and scale do in a weld? 
How can the scale be prevented from forming? What is a flux? 
Name some fluxes. Can all fluxes be used on all materials? Can 
a weld be made without a flux? How does a flux assist in welding? 
If pieces are not right for welding will hammering make them 
stick? What will happen if the iron is heated too high? Must 
the iron be heated fast or slowly? Why? Does it make any differ- 
ence if the piece is not heated uniformly? When should the flux 
be added in making a weld? What is a* lap weld? How is a chain 
link made? Why do we make two links separately first and then 
join them by a third link? Why not each link to the other? How 
is a flat collar made? Why are the scarfs slightly rounded? How 
is a washer made? Why must it be kept hot when bending? Why 
are the ends upset? Tell how to weld a bolt head to a stem. Why 
are split welds used? What are the different kinds of split welds? 
Give the operation of taking two pieces from the fire for a two- 
piece weld. Why should the tongs be allowed to fall instead of 
being taken from the work? What is a butt weld? What arc the 
different ways of making one? What is a jump weld? Why must 
the upset part of the stem more than fill the depression in the 
head? Why must the stem not touch the sides before the weld is 
made? What must be looked out for in making an angle weld? 
What makes a T-weld difficult? How can this difficulty be helped? 
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Name a good way of scarfing steel. What kind of a fire is used in 
welding steel to iron? Tell how steel is welded to iron. What is 
fagot welding? What is the important thing to watch in welding 
steel? Why should steel that is to be hardened not be welded? 
What is hammer refining? 



CHAPTER X 
WELDING PROCESSES 

ELECTRIC WELDING 

There are two principal methods used in making welds 
by electricity, i.e. : (a) The arc system, in which the weld 
is usually made by fusion; (b) the incandescent system, 
in which the metal is heated only to the plastic condi- 
tion by electrical resistance. 

Arc Welding. — There are three processes of arc 
welding: 

1. The Zerener, in which the arc is drawn between 
two carbon electrodes and the heat from the arc then 
directed upon the metal to be welded, which is brought 
to the melting point and in cooling completes the weld. 

2. The Bernardos, in which the arc is drawn between 
the metal and one carbon electrode, that is, the arc 
reaches from the metal to be welded to the car])on. 
The arc may be continued long enough to melt the 
metal, or it may be stopped at the point of i)lasticity 
if a pressure weld is desired. 

3. The Slavianoff, in which the arc is drawn between 
the metal to be welded and one metal elc^ctrode. The 
work is made the positive pole, thus heating the ends to 
be welded to the melting point. The electricity also 
causes the metal electrode to melt and flow into the 
joint, which produces a weld by fusion. The flame of the 
electric arc produces the highest temperature known, 
often reaching 7200° F. Some salient points to l)e re- 
membered when making an arc weld are: the metal to 
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crucible is struck an upward blow, which releases the 
molten thermit so that it flows into the mold and fills it 
up after burning the wax pattern out of the mold. The 
ends of the shaft are melted by the thermit, and the 
whole mass fused together. This is literally casting a 
weld. 

By making the wax pattern large enough the welded 
joint may be so proportioned that it will have greater 
strength than the shaft itself. 

It is best to preheat the parts to be welded bc^fore 
applying the thermit, or the liquid thermit may l;e 
chilled enough to prevent successful fusion. 

Thermit Welding by Plasticity. — A good example of 
this method of using thermit may be found in the 
welding of pipe joints. In this case the ends to be welded 
are turned up with a hand-facing machine so that the 
surfaces fit closely together. Screw clamps are fastened 
on the pipe at each side of the weld. A cast-iron mold 
is placed around the joint. Then a charge of thermit 
in a hand crucible is ignited, and as soon as the seething 
ceases the molten thermit is poured from the top of the 
crupible into the iron mold and around the pipe ends, 
which heats up the joint to the plastic condition. 

The soft ends of the pipes are then forced together by 
screwing upon the clamps. This upsets the weld slightly 
on the outer surface, but the inside diameter of the pipe 
remains unaffected. 

It should be noted that the principles represented in 
the two types of welds just described are quite different. 
When welding by fusion the molten thermit is tapped 
from the bottom of the crucible, thus sending into the 
joint a quantity of liquid steel which melts and becomes 
part of the steel shaft to be welded. This molten steel 
serves as a heating medium and then amalgamates with 
the steel it has melted to form a homogeneous mass. 
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and fills up the space the wax occupied, fusing to the 
solid parts of the casting. This leaves the casting 
stronger than the original section, if the area of the 
joint can be enlarged by the thermit. 

Thermit Strengthening of Castings. — Thermit is also 
used quite extensively in the repairing of castings having 
flaws, like blow-holes. If the flaw is small, not over three 
inches in area, the thermit Pouring-Cup Method may 
be used to make the necessary repair. First the bad 
part of the casting should be made red-hot. A pouring 
cup shaped like an ordinary steel sleeve, made of dry 
sand, is placed over the flaw, and filled with thermit. 
The thermit is Ughted by the use of a little ignition 
powder and a match. The reaction takes place in the 
cup, as it did in the crucible in welding, and the molten 
thermit fuses the casting, and also fills up the flaw 
cavity. It is best to pour enough thermit to leave a 
small elevation beyond the surface of the casting, which 
may later be ground off. 

Another application of thermit to castings is where it 
is put into the molten iron tapped from the foundry 
cupola. The thermit powder is packed in a can which in 
turn is fastened to an iron rod. After the iron has been 
drawn from the cupola and is in the ladle, the can of 
thermit called the ''little devil" is pushed down into 
the molten iron. The reaction of the thermit occurs 
instantly, and as its temperature is about 5400° F. as 
compared to say 2200° F. for the molten iron, the iron 
is materially increased in temperature and fluidity, 
which means more perfect and stronger castings. 

WELDING WITH LIQUID FUEL 

One of the latest methods used in welding is the oil- 
fuel furnace. Here an attempt is made to improve on 
the ordinary soft-coal forgo fire for heating up the parts 
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ing? What is the difference between the high-pressure and low- 
pressure systems of autogenous welding? What kinds of metal 
can be welded by the autogenous process? Describe the oxy- 
acetylene building-up process. What advantage is obtained from 
its use? How are m(»tals cut with the oxyacetylenc flame? Can 
cast iron be cut with this flame? What is the principle of the 
cutting? How many jets are ucd in cutting with oxyacetylene? 
What is thermit? How is a thermit weld made by fusion? How 
is a thermit weld made by plasticity? How does the temperature 
of molten thermit compare with that of the oxyacetylene flame? 
Describe the thermit method of welding castings. How can a cast- 
ing be strengthened by the thermit process? Describe a liquid 
fuel weld. What advantage is obtained from the use of the oil 
furnace for welding? 
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Without this oxide of copper, the carbon in the iron 
would act as does the graphite coating in the dipping 
process, preventing the spelter from sticking to the iron 
and from joining the parts. 

As the tensile strength of the 
spelter is greater than that of the 
cast iron, the brazed piece will be 
stronger than it was before the 
break. This is well illustrated in 
the piece shown in Fig. 165. This 
piece was brazed by the author 
and when put into service was again broken; but in- 
stead of breaking through the brazed part (a), which 
was the weakest part of the casting, it broke through a 
thicker part at (6). 




Fig. 165 



QUESTIONS FOR REVIEW 

What is brazing? What is hard soldering? What is the prin- 
ciple of brazing? What fluxes are generally used? What is 
spelter? How should pieces be fitted for brazing? Is it necessary 
to leave a space for spelter? How are pieces cleaned? How many 
methods of fitting? How may pieces be heated? Describe a 
brazing furnace. How is a gasoline torch used? A blowpipe? 
On what kind of pieces can hot tongs be used? Describe the 
operation of brazing by immersion. What does the graphite coat- 
ing do? How may cast iron be brazed? What is copper oxide 
used for? Does brazing make a strong joint? 



CHAPTER XII 

CARBON TOOL STEEL 

The forging of tool steel differs but little from that of 
wrought iron, except in the extreme care with which it 
must be heated and handled. Therefore directions for 
specific operations will not be given, as similar ones 
already have been described. In tliis chapter this differ- 
ence in heating and handling, the action in the cooling 
bath, and the characteristics of the steel itself will be 
treated. 

Steel. — There are many makes of steel and several 
grades of each make. The average man, however, recog- 
nizes but two kinds; i.e., tool steel and machinery steel. 
Since machinery steel, or low-carbon steel, closely re- 
sembles wrought iron, the method of working it is prac- 
tically the same. Therefore what has already been stated 
with regard to wrought iron will apply equally well to 
machinery steel. Tool steel, however, when cooled more 
or less rapidly from a red heat or one just above, acts 
differently. Owing to the sudden cooling the carbon and 
the iron of the steel form a peculiar chemical compound 
which makes it very hard. This action will form the 
subject matter of this chapter. 

Tool Steel ^ is steel from which tools requiring a hard 
cutting edge are made.^ It usually contains from .5 to 

* When the term tool ateel is used, it usually is understood to 
mean carbon tool steel, unless otherwise indicated. 

2 In the past few years a great many tools have been made 
from other steels that possess hardening qualities. These steels 
will be taken up in a later chapter. 
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at which the steel for the instant continues to absorb 
heat but does not rise in temperature. At this point 
there is a rearrangement of the carbon of the steel. The 
grain is the finest when the ste^l is immersed at the 
decalescent point. If the steel is heated above this tem- 
perature the grains increase in size. The larger the grains 
become when the heat is reduced below the decalescent 
point the softer will be the steel. 

The writer when using a new steel or when teaching 
the hardening and tempering of steel always trices the 
following experiment: draw the steel down fairly thin so 
that it will break easily; heat to some temperature near 
the one supposedly proper and fix the color well in mind; 
cool the steel quickly by plunging it into water, break 
ofif a small piece, examine the grain and lay the piece 
aside for reference. Repeat this experiment at several 
different temperatures, always fixing the color in mind. 
The color which produces the finest grain after immer- 
sion is the color to which the steel should be heated 
when hardening tools from that bar. When determining 
the proper color hold the piece of steel in a dark pla(;e, 
as under the forge, in a dark corner of the coal box, or 
in an old nail keg. 

Drawing Temper. — While hardening produces the 
finest grain, it causes steel to be too brittle for many 
purposes, and in order to toughen the tools it is neces- 
sary to withdraw some of the hardness. This is done by 
reheating the tools to about 500° F. and then immersing 
them quickly. This reheating is called drawing the 
temper, or tempering. 

Rules for Heating. — 1. The steel should be heated 
uniformly or strains will be set up in the piece, causing 
cracking when hardening. 

2. Do not heat steel faster than it can be heated uni- 
formly. If the heating is forced, the light parts will be 
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is cooled suddenly to V and then is allowed to cool 
slowly to T. The grain will retain the fine structure and 
the carbon will remain in the hardening form, but the 
steel will be soft, strong, and resilient. 

Hardening Baths. — After steel has bocai lieated to the 
proper temperature, it must be dipped into a cooling 
solution. The more rapidly this solution will conduct 
the heat away from the steel or the more closely it will 
adhere to the steel, the harder (everything else being 
equal) will become the steel. Hen(;e cold water will 
produce a harder steel tlian warm, and mercury harder 
than cold water; while substances Uke oil will leave the 
steel softer than the warm water. This fact allows us 
to use various cooling baths to obtain different degrees 
of hardness and toughness. For general use clear, cool 
water answers best; it is effective and cheap. It should 
be clean and dirt should not be allowed to accumulate 
on the bottom of the tank. It must be remembered, 
however, that in most cases too rapid cooling must be 
avoided, for if the outside becomes rigid })efore the interior 
is set the piece is likely to be placed under such internal 
strains that it will crack. For this reason the water is best 
about 60° F. 

Brine. — Another bath very much used is a saturated 
solution of salt water or })rine — made by dissolving all 
the salt the water will hold. 

Oil, such as Unseed, neatsfoot, or most any fish oil will 
produce excellent results on thin tools requiring a hard 
edge and tough center. They also are used for springs. 
Tallow, sperm, and lard oils produce great toughness and 
are used for springs. 

Solutions. — The following solution is much used on 
small cutting tools as taps and reamers: 

citric acid 1 lb. 

water 1 gal. 
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method. Here a stream of water is forced through the 
hole in the gage, cooUng and hardening the sides. The 
gage is protected from the effects of the water at all 
other parts by the surrounding block and washer; which 
protected parts cool slowly and remain soft. The bulk 
of the gage, remaining soft, allows the hole to remain 
true in size and shape. 

Pieces with Holes near One Edge should be dipped 
slowly and have the hole enter the cooling bath last. 

Press Dies or Drop Forge Dies that require the working 
face to be very hard and the bulk of the block tough to 
resist shocks should be dipped in water at about 60° F., for 
a minute or so, and then raised and played upon ])y a 
stream of water that will cover the face of the die, until 
the block is cool. To remove all internal strains it is 
well to reheat the die in hot water after it is hard- 
» ened. 

Tempering in Oil. — When it is not necessary to show 
the temper color, articles can be tempered very quickly 
by dipping them in oil maintained at the rec^uired 
tempering temperature, secured by regulating the fire so 
that a thermometer placed in the oil will stand at the 
temperature which will produce the temper desired, say 
630° F. if we wish to have the piece tough. The piece is 
dipped into the oil and held there till it is the same tem- 
perature as the bath, when it is withdrawn and cooled 
in water. Numerous small articles can be placed in a 
wire basket and together heated in the oil and then 
cooled. 

Thin Articles, like knife blades and slitting saws, that 
are likely to warp in hardening, are cooled between two 
heavy blocks of iron. The pieces should be heated by 
being laid on a hot plate or on the bottom of a muffle. 
When heated the pieces are placed on one of the ])locks 
which has been previously treated with lard, raw linseed 
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Potassium Ferrocyanide Method. — Tliis method is 
used when rapid work is required. It does not produce 
as deep a coating of steel as the other method, but is 
convenient and rapid. If much work is to he done the 
potassium ferrocyanide is melted in an iron pot; the 
iron is heated to a red, dipped into the melted cyanide, 
heated again to the refining temperature, and j^lunged 
into water. When but one or two pieces are to be 
hardened, the iron is heated to a bright red, and pow- 
dered potassium ferrocyanide is sprinkled on the parts 
to be hardened. The heat in the iron will cause the 
cyanide to melt and cover all parts of the piece where 
hardening is desired. The piece is then reheated to the 
refining temperature and is dipped into water. 

Packing in Charcoal Method. — The pieces to be 
hardened are packed into an iron box with an equal 
mixture, by measurement, of granulated wood charcoal 
and raw bone. The packing is done as described under 
pack-annealing. Test wires should be used to tell when 
the pieces are raised to the proper heat (a good red) to 
absorb the carbon, and the time should be counted from 
that point. The time the box should be left in the 
furnace depends upon the material and the size of the 
work. Pieces y thick should stay about 2 hours. 
Fair-sized work requiring a hard but not very deep 
coating can be left 5 hours. As a rule a coating about 
I" deep can be obtained in from 15 to 18 hours. When 
the pieces have been heated the set length of time, the 
box is withdrawn from the fire and the pieces plunged 
into water as quickly as possible. The pieces can be 
colored by being allowed to fall from the box into the 
water, a distance of 12 to 16 inches. 

Straightening Bent Tools. — Sometimes tools will warp 
in hardening. They can be straightened ])y placing the 
pieces between the centers of a lathe with the bowed 
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many ways are there of annealing? Describe each. Give the 
rules for annealing. Make a diagram showing the effects on the 
size of grain and the kind of carbon produced by heating steel 
to different temperatures and slowly and rapidly cooling from these 
different temperatures. What are hardening baths? Name some. 
What is the advantage of their use? How are they used? With 
what class of work are they used? What advantage is oil on the 
surface of the water in a hardening bath? Why is flowing water 
sometimes used? What are tempering colors? How are they 
produced? What do they indicate? How many (jhisses of harden- 
ing? Where does the heat for drawing temper come from in each 
case? Describe tempering in oil. What advantage? How are 
springs tempered? What is pack-hardening? What is case-hard- 
ening? How many methods? How do we case-harden with 
ferro-potassium cyanide? How is case-hardening done by packing 
in charcoal? How is bent work straightened? 
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High-speed steel when annealed by certain perfected 
processes can be machined easily so that it can be utilized 
to make cutters and similar tools. The greatest ad- 
vantage, however, possessed by this steel over the carbon 
steel is that there is very little danger of loss in the 
hardening bath, where so many costly tools are ruined, 
for it is only necessary to reheat such a steel and cool it 
in an air blast to cause it to regain the hardness it 
possessed before annealing. 

The Working of ffigh-Speed Tool Steel.^ — The for- 
ging of a high-speed tool should be done at a good yellow 
heat, 1850° F., and should never be done below a bright 
red. It is better to reheat the tool several times than to 
work it below a bright red in one heat. After forging, 
the point of the tool should be cooled in lime or ashes. 
The tool should not be plunged directly into the hot 
fire but should be heated gradually. When the tool is 
hardened, the nose of the tool is heated slowly, in a 
muffle, to 1650° F., or to a bright red and then rapidly 
to 2000° F., or to a white heat. After this the tool is 
cooled in an air blast, or, if intended for the cutting of 
soft materials, it may be cooled slowly by being set in a 
dry place. Then the tool, after grinding, will be ready 
for use. 

Annealing. — To anneal the steel it is heated in a 
muffle to a temperature of from about 1300° to 1500° 
F. and kept in the muffle at this temperature for two 
hours; then it is slowly cooled in ashes. 

Grinding. — The way in which tools are ground is of 
considerable importance, for if not properly followed it 
may injure the tool permanently by causing it to crack, 
etc. The best and soundest steels are often ruined in 
this way. 

^ Most high-speed steels require special methods of treatment 
that are best obtained from the manufa(^turer. 
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peared. When the cutter has cooled to the point that 
will just permit it to be handled, it should be plunged 
into tallow heated to 200° F. The temperature of the 
tallow is then raised to 520° F., when the cutter is 
removed and plunged into cold oil. If the cutter is 
large, it can be allowed to cool to the normal tempera- 
ture in the tallow. If an air blast is not available, small 
cutters may be hardened by being plunged into oil from 
the yellow heat. 

Another vei*y good method of tempering is by means of 
a specially arranged gas and air stove. The articles to 
be tempered are placed in the stove and heated to a 
temperature of 500 to 600° F. Then the gas is shut 
off and the furnace and contents allowed to cool slowly. 

It is highly important that the initial heating be done 
slowly and thoroughly or the pieces are likely to be 
spoiled by warping or cracking due to unequal expansion. 

QUESTIONS FOR REVIEW 

What is carbon steel? What is air hardening steel? What is 
high speed steel? Tell how each differs. Tell how to harden and 
temper tools made from high speed steel. Describe the working of 
high speed steel in the forge fire. Describe the annealing of high 
speed steel. Describe the grinding of high speed steel. 
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heavy, and quick or slow, as long as the steam is on. 
A single dead blow can be struck at any time with the 
hand-operated gear. The anvil blocks of steaih ham- 
nujrs pass through the base and rest upon pine blocks on 
a concrete foundation. The hammer in Fig. 213 has a 
flat fa(5(5 along its piston to prevent it turning around. 

Operations. — Steam enters the chest at "S" (Fig. 214) 
and is admitted to the regulating valve port (C) by the 
of)ening of the starting valve- (A). This is accomplished 
by a horizontal movement of the handle (B), The 
n^gulating valve (D) is of the piston type, and by moving 
tliiH valve uj) or down the steam entering at port (C) can 
be made to flow either to the upper or lower steam port 
(S,P\) or {S.P2) respectively. The dotted lines show 
the (extreme travel of the valve. When the steam enters 
through the port (S.P2), the piston carrying the hammer 
m()V(^H up and the steam above the piston exhausts 
through port (S.Pi) and out at (E), On the reverse 
Htrokci the travel of the steam is from (C) around (D) 
and through (aS.Pi) to the upper part of the cylinder. 

The exhaust is out through (S,P2) and up through 
the piston valve (F), which for this purpose is hollow, 
to the (ixhaust pipe. The hammer is worked by hand 
by moving the handle (L) up or down. This brings the 
valve (D) in position to admit the steam either above 
or below the piston. and the piston and hammer descend 
or rise under the action of the steam. To strike a dead 
blow the lever is pressed down. (L) is not used when 
the hammer is self-acting. The hammer is made self- 
acting by causing the curved lever to work about the 
movable fulcrum (H) kept in contact with the roller 
(R) on the hammer head by the spring (ilf), which is 
attached to the short arm of the lever and the frame of 
the hammer. As the piston ascends and draws up the 
head, the lever (F) is moved to the right and the valve 



CHAPTER XVI 

CALCULATIONS 

It is often necessary to know exactly the size or 
length of a piece of stock to be used to make a forging. 
This information can be best obtained by calculation. 

These calculations fall into two classes: Class A, in 
which the length only is to be found or where stock of 
a known size is simply to be bent; and class B, in 
which the size and section of a piece is changed by 
drawing out or upsetting. In this case the calculations 
depend upon the volume. 

Class A, in which bending only takes place. 

The first case in this class will be that of an unwelded 
ring (Fig. 232). If the outside circumference is figured, 

ethe length will be found to be 2.75" 
(diam.) X 3.1416 = 8.64" (circumference 
= diameter X tt) and the inside diam- 
eter will be 2" X 3.1416 = 6.28". Neither 
. one of these lengths will give a ring of 2" 

diameter, for the one will be too large and 
the other too small, as it has been found that when a 
piece of iron is bent, the outside stretches and the 
inside compresses. This being the case, there must be 
a place that neither stretches nor compresses; this is at 
the middle of the piece as shown by the dotted circle. 
If this part of the piece does not change in length in 
bending, it is evident that the circumference of this 
circle is the proper length for the stock to make this 
ring. Thus 2.375" X 3.1416 = 7.4613" or 7-^" is the 
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4 A. The finished exercise must be smooth, true to 
dimensions, and lie flat. 

Operation, True both ends as described for upsetting 
long pieces, page 65. 
Lightly center punch 
at the exact center. 
Bend the end as de- 
scribed, page 71. 

Caution, As there is 
little opportunity to smooth the work by hammering, 
the stock must not be heated hot enough to scale at 
any time. Never strike the stock directly over the 
anvil as that will flatten the stock and have no bending 
effect. 

Example 5. Bending to Circle. — Stock, Mild Steel f " 
diameter, 7f " long. 

Explanation, The piece is to be bent to a circle. 
The finished piece (Fig. b A) must be free from hammer 



^ 




marks, a true circle and lie 
flat, and the ends must be 
parallel where they meet. 

Operation, Bevel the ends 
as shown at Fig. 5 B and 
bend as directed on page 71. 
Example 6. Gate Hook. — 
(Twisting.) Stock, Mild Steel 
f " diameter, 4f " long. 

Explanation, The finished 
piece must be smooth and agree with the form and 
dimensions shown in Fig. 6 A, 

Operation, Draw down each end of the stock as 
shown in Fig. 6 B and bend as described on page 72. 

Caution, In making the bends be careful not to 
strike the iron directly over the anvil. After tlje stock 
has been fastened in the vise for twisting, the work must 
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Example 9. Fuller Piece. — (Forging for tap wrench.) 
Stock, Norway Iron ^'^ x 1" X V, 

Explanation. The stock is to be fullered with top and 

I , bottom fullers, the }>or- 

*t^ .. ^^^ -4 tion between the fuller 
I'a e/c ^^** ^' "*' marks to have the cor- 
ners rounded, and the 
S^ arms (a and h) drawn 

out to a round section 
and to the dimensions 
given in Fig. 9 A. 
Operation. The fullering is explained on page 84 and 
the drawing out on page 62. 

Example 10. Door Pull. — (Fuller and set hammer 
piece.) Stock, Norway Iron J" X 1" X 5''. 

Explanation. The stock is fullered 1" from each end 
and the part in between drawn down to a round section, 
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the ends shaped, holes punched for screws and the 
center part bent to proper shape. The piece must be 
true to dimensions (Fig. 10 A) and filed to a blue. 

Operation. The fullering is done with a top and 
bottom fuller as explained on page 84. The ends 
are set down with the set-hammer as explained on 
page 87 and given the pear shape with the hand- 
hammer. 
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Explanation, 
to form a fork. 



the stem projects about f*' and with a set-hammer, set 
down as shown in Fig. 11 ^, to the shape shown in Fig. 
11 C The ball is then made as shown in Fig. 11 D and 
11 E. The holes punched and the piece bent to shape. 
Example 12. Split Piece. — Stock, Norway Iron ^'^ 
X r X 3^ 

The stock is to be split and opened out 
The taper must be uniform, the piece 
smoothly finished and true 
to dimensions (Fig. 12 A), 

Operation, The stock 
should be laid out and 
fullered (page. 84) as shown 
in Fig. 12 B and split as 
explained on page 77 and the 
parts drawn out (page 62). 
The exercise admits of 
wide variation in design. 
Such articles as hooks, oar- 
locks for boats, and spurs 
are suggested. The number 
and length of the tines can 
be increased and a pitch fork or rake be made. 

Example 13. Weldless Ring. — Stock, Norway Iron 
V X 1" X 3". 

Explanation, The stock is to be split and opened to 
form a ring, true to dimensions (Fig. 13 A), smooth and 
free from cracks. 

Operation, Upset the ends so they will be wider but 
no thicker than the original stock (Fig. 13 B) and round 
the ends as shown by dotted lines. If the piece is held 
on the horn of the anvil near the point while the ends 
are being rounded the piece will be fullered at the 
middle as shown in 13 C and should leave the piece about 
the correct size, but if it is still too wide through the 
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Explanation. Stock to be finished to form hook with 
punched eye. It must be smoothly finished and agree 
with the dimensions in Fig. 15 A, 
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Operation. Upset one end to I" square (Fig. 15 B). 
Flatten this upset portion to Y thick (Fig. 15 C) and round 
end as indicated by the dotted lines, punch 5' hole for, 
eye (Fig. 15 C). Complete eye by hammering stock 
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straight and at right angles to the head and concentric 
with it. If the proper amount of stock is not secured 
in the head, the proper thickness should be maintained at 
the expense of the other dimensions. 
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Operation, Follow the directions on page 88 to make 
the head and on pages 88 and 89 for shaping it. 
Example 18. Square Nut. — Stock, Norway Iron f^ 

X r. -^ . 

Explanation. The square nut shown by Fig. 18 A 
is to be made. In case there is too much stock, obtain 
the proper thickness at the expense of the other dimen- 
sions. Adjacent sides must be at right angles to each 
other and at right angles to the faces. 

Operation, Punch f " hole in the exact center of the 
piece. Place on mandrel (Fig. 18 B) and with heavy 
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blows bring to size and shape. To true the faces hold 
in narrow tongs (Fig. 18 C). 

Example 19. Hexagonal Nut. — Stock, Norway Iron 
X V any convenient length. 
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in 20 C, shape blades, punch eye and rivet and case- 
harden the pointe. 

Example 21. Welding. — Stock, Norway Iron f^ x 
r X 24*' long. 

Explanatum. The stock is folded to make three 
thicknesses and welded to a solid piece and brought 




Z03 



down to f " square section. To test the weld Fig. 21 A 
is made after cutting off the imperfect ends. (The rest 
of the bar can be used for Example 26.) 

Operation, Lay off as shown in 21 By fold as in 21 C, 
and weld. Bring down to l" square section. Cut off 
imperfect ends, fuller with top and bottom fullers IJ*' 
from end and draw down to i" square. (See 21 A.) 



198 



APPENDIX 



Operation. Proceed exactly as when working the 
link. After welding make as nearly circular as possible 
on the horn of the anvil and true on the large mandrel. 
Join to Example 22 with additional link. 
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Example 24. Swivel. — Stock, Norway Iron f x 
V X 3^" and I" round 5" long. 

Explanation, A swivel is to be made (Fig. 24: A) and 
added to the Example 22 with an additional link. 
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ofif end (a) so that about i" will project through the 
swivel and rivet. When riveting hold the eye in the 
vise. Turn the swivel to keep it from being riveted too 





tightly. Cut ofT the ends (a) (Fig. 24 JD), so they will 
measure 3^" from face (d) and scarf and weld like a 
chain link. Join to chain with an additional link. 

Example 26. Hook (Welded Eye). — Stock, Norway 
Iron J" diameter, 9|" long. 




27/7 

Explanation, A hook (Fig. 25 A) with a welded eye 
is to be made and joined to the swivel with a chain 
link. 
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Example 30. Angle Weld. — Stock, Norway Iron one 
piece i"' X r X 3f^ one piece ^ X r X 4f^ 

Explanation. This ex- 
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ercise gives practice in 
welding two pieces at 
right angles to each other. 
The weld must be sound 
and must agree with Fig. 
30 A. 

Operation of welding is 
fully explained on page 103. 
Finish all over with flatter. 



one 



Example 31. Tee-Weld. — Stock, Norway Iron, 
piece i" X 1" X 5" and one J" X 1" X 4". 

Explanation. This exercise while similar to Ex. 30 is 
more difficult to weld. The finished Tee should agree 
with Fig. 31 ^, in form and dimensions. 

Operation is explained on page 104. 

Example 32. Blacksmith's Tongs. — Stock, Mild Steel 



two pieces | 
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X 13". 



Explanation. Each piece is to be finished to dimen- 
sions (Fig. 32 A) and these 
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pieces riveted together to 
form a pair of tongs. 

Operation. Upset one 
end (Fig. 32 B) and fuller 
(Fig. 32 C). Draw out 
jaw with sledge (Fig. 32 
D). This will leave the 
piece as shown by Fig. 32 
E. Fuller again as shown 
by 32 F, and the dotted 
lines (Fig. 32 E). Draw out the handle, with sledge 
(or power hammer), (Fig. 32 G) to shape shown by 
Fig 32 H. Punch hole for f " rivet as shown at (6) 
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Operation. Shap(* oncl (6) (Fig. 33 ^4) to dimensions 
first, then ond (a) grind to a point and harden and 
temp(»r,' as oxphiimHl on page 142. 

Caidion. In working tool steel great care must be 
obs(Tved not to get it too hot or to hammer it too cold 
(See directions in (,'hapter XII). 



■■it(3 



3| 



# 



33/) 




5// 

8 



Example 34. Cold Chisel. — Stock, Octagon Tool Steel 
X G". 

Operation. Shape head end as shown in Fig. 34 A, 
Lay off 2j" from the otlicr end and shape the blade to 
dimensions (Fig. 34 ^). In drawing the blade, lay the 
stock so that one of its faces will lie flat on the anvil 
and strike fairly on the upper face. Turn the work 
occasionally while drawing to keep it straight. Harden 
and temper as described on page 142. 




Example 35. Cape Chisel. — Stock, Octagon Tool 
Steel r X 6". 

Operation. Shape end (6) to dimensions (Fig. 35 A). 
Lay off lY from the other end and shape the blade. 



^ For proper temperature or color to draw temper to, see 
Appendix, Table I. 
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using a haiul-hammer, flatter or sledge. Harden and 
temix^r like the cold-chisel. 




37>? 

Example 36. Round Nose Tool. — Stock, Tool Steel 

V X r X .r. 

Opcrotion. Hold the stock over the anvil as shown 
at 30 B, l" from one end and sledge as indicated 
by the arrow to the shape shown by the dotted 
lines. Hold over the edge of the anvil (Fig. 36 C) 
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and hit as indicated by the arrow to the position 
shown by the dotted lines. Taper the sides to the di- 
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mensions shown in Fig. 36 A and harden and temper as 
explained on page 143. 

Example 37. Thread Tool. — Stock, Tool Steel Y x 
V X 6^ 

Operation. Same steps as above for Round Nose 
Tool, but shape to the dimensions of Fig. 37 A, Harden 
and tempef as for round nose. 

Example 38. Boring Tool. — Stock, Tool Steel ^"x 
r X 5^ 

Operation Fuller one edge about half through the 
stock (Fig. 38 B), Draw out end as shown by dotted 




3^A 




3^6 



— ■> 





31 C 



lines. Bend cutting end and finish to dimensions (Fig. 
38 A), Harden and temper as tools above. 

Note. For some work larger or smaller necks will be 
needed so it is well to forge tools to different dimensions. 

Example 39. Diamond Point. — Stock, Tool Steel 
V X V X 6". 

Operation. Fuller about f" deep, Y from one end 
(Fig. 39 B). Sledge to shape shown by Fig. 39 A, 
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hoIdiiiK iw indicated by Fig. 39 C. Harden and temper 
a« direc'U»d on page 144. 
Example 40. Parting Tool. — Stock, Tool Steel i" x 

r X o^ 

Operation. Fuller half through on one side f"' from 
one end (Fig. 40 B), Draw out to dimensions shown by 
Fig. 40 A ius indicated by Fig. 40 C. Harden and temper 
like ditimond point. 
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Example 41. Side Tool. — Stock, i" x 1" X 6*'. 

Operation, Bevel one edge (Fig. 41 B) and fuller 
(Fig. 41 C). With a flatter draw down the portion 
between the fuller mark and the end, keeping the same 
slant as the fuller mark which will bring it to the shape 
(Fig. 41 D). The edge A-B is made thinner than C-D 
as shown in the section Fig. 41 A. Place on the anvil 
and shape to dimensions Fig. 41 E. After all parts are 
forged to the required dimensions (Fig. 41 A) the edge 
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A-K (Fig. 41 I)) is offHC»t its shown in the plan Fig. 41 Ay 
with tlie HCt-hjimmor as shown in Fig. 41 E, Harden 
anil torapc»r as doscrilx^d on page 144. 

Example 42. Nippers. — Stock, Tool Steel two pieces 
J*' s(iuare, 7" long. 

Operatiim, Follow the general directions in Example 32 





and forge to dimensions shown in Fig. 42 A, Harden 
and teinpor (fitting edges only. 

Suddc.slionti for Other Exercises. Screw driver, lathe, 
dog, h()rsosh()(% oar-locks for boat, clevis, wood chisel, 
gouges, and garden rakes. 
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Table I. — Temperature and Color to which Various Tools 
SHOULD BE Heated when drawing the Temper 



Ton]«j 


Tempering 


Temperatures 


JL UUlo 


colors 


Fahr. 


Scrapers, burnisher, hammer 


light straw 


430 


faces, reamers, small tools, paper 






cutters, lathe and planer tools. 






Lathe and planer tools, hand 


medium straw 


450 


tools, milling cutters, reamers, taps. 






boring bar cutters, embossing dies, 






and razors. 






Drills, dies, chuck jaws, dead 


dark straw 


470 


centers, mandrels, drifts, bending 






dies, and leather cutting dies. 






Small drills, rock drills, circular 


brown 


500 


saws (for metal), drop dies, and 






wood chisels. 






Cold chisels (for steel), center 


purple 


530 


punches, scratch alls, ratchet drills. 






wire cutters, shear blades, cams. 






vise jaws, screw drivers, axes, wood 






bits, needles, and press dies. 






Cold chisels (for cast iron). 


dark purple 


550 


Springs and wood saws. 


dark blue 


600 


Light springs and blacksmith^s 


light blue 


630 


punches. 







Table IL' — Color op Iron at Various Temperatures 



Color 



Dark blood red, black red 

Dark red, blood red, low red 

Dark cherry red 

Medium cherry re<l 

Cherry, full red 

Light cherry, bright cherry, scaling heat,^ light rtnl 

Salmon, orange, free scaling heat 

Light salmon, light orange 

Yellow 

Light yellow 

White 



Temperature 
Fahr. 

090 
1050 
1175 
1250 
1375 
1550 
1650 
1725 
1§25 
1975 
2200 



* Taken by permission from Taylor and White's paper Trans. Am. 
Soc. of Mech. Engs., Vol. XXI. 

2 Heat at which scale forms and adheres, i.e., does not fall away from 
the piece when allowed to cool in air. 
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Table III. — Power and Time Required for Electric 
Welding bt the Thompson Process 



Area of weld 
in sq. in. 


Watts in pri- 
mary of 
welders 


Time in 
seconds 

33 


H.P. 


Foot pounds 




8,550 


14.4 


260,000 


« 


16,700 


45 


28.0 


692,000 


1 


23,500 


55 


39.4 


1,191,000 


u 


29,000 


65 


48.6 


1,738,000 


2 


34,000 


70 


57.0 


2,194,000 


2i 


30,000 


78 


65.4 


2,804,000' 


3 


44,000 


85 


73.7 


3,447,000 


3J 


50,000 


90 


83.8 


4,148,000 



Table IV. — Speed of Welding and Gas Consumption 
FOR Oxy-Acetylene Welding 



Thickness of 


Consumption 


Consimiption 


Speed of work 


plates in 


of acetylene 


of oxygen 


in foot run of 


inches 


cu. ft. 


cu. ft. 


weld per hour 


0.0394 


1.8 


2.25 


50 


0.0591 


2.7 


3.50 


40 


0.0787 


3.6 


4.50 


35 


0.0984 


5.4 


7.75 


30 


0.1181 


8.0 


10.00 


24 


0.1575 


12.5 


15.70 


18 


0.2204 


18.0 


22.00 


14 


0.3071 


27.0 


33.00 


10 


0.3582 


36.0 


44.00 


7 



Allowance for the Machining of Forgings. — For 
articles up to 5" in diameter allow J"; from 6*^ to S*' 
allow f"; 9" to 10" allow I*'; and 1 ft. allow 1 in. 
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Bath for Bluing Steel. 

Water 1 gal. 

Hyposulphite of soda 2 ounces 

Acetate of lead 1 

Add the hyposulphite of soda and the acetate of lead to 
the water and heat to boiling. (At first a white precipi- 
tate will appear but this soon turns black when near the 
boiling point and the solution is ready for use. 

The steel or iron to be used is cleaned of grease and 
dipped into the bath until the proper color appears. 
At first there will be a golden color that rapidly changes 
to a red and finally a blue. This takes but a few 
minutes so the piece must be carefully watched and 
removed the instant the piece is at the proper color, and 
rinsed and dried. If the pieces are first coppered the 
colors will be much more brilliant. Brass articles can 
also be given a very pretty coloring by this bath. 

General Tools Required for a Class of 12 Pupils. 

3 8-lb. sledges 

2 cutters (hot) 

2 cutters (cold) 

2 top and bottom fullers |* 

2 it <t (( ~if 

swages t 

2 " " " " i' 
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Volk, C. Haulage and Winding Appliances Svo, *4 00 

Von Georgiovics, G. Chemical Technology of Textile Fibres.. 

Trans, by C. Salter 8 vo, ^4 50 

Chemistry of Dyestufifs. Trans, by C. Salter 8vo, ^4 50 

Vose, G. L. Graphic Method for Solving Certain Questions in 

Arithmetic and Algebra. (Science Series No. 16.) 

i6mo, o 50 

Vosmaer, A. Ozone (In Press.) 

Wabner, R. Ventilation in Mines. Trans, by C. Salter. . . Svo, *4 50 

Wade, E. J. Secondary Batteries 8vo, *4 co 

Wadmore, J. M. Elementary Chemical Theory i2mo, '"i 50 

Wadsworth, C. Primary Battery Ignition i2ino, *o 50 

Wagner, E. Preserving Fruits, Vegetables, and Meat i2nio, *2 50 

Waldram, P. J. Principles of Structural Mechanics i2mo, ^3 00 

Walker, F. Aerial Navigation 8vo, 2 00 

Dynamo Building. (Science Series No. 98.) i6mo, o 50 

Walker, J. Organic Chemistry for Students of Medicine . Svo, 2 50 

Walker, S. F. Steam Boilers, Engines and Turbines Svo, 3 00 

Refrigeration, Heating and Ventilation on Shipboard. . i2mo, *2 00 

Electricity in Mining Svo, *3 50 

Wallis-Tayler, A. J. Bearings and Lubrication Svo, *i 50 

Motor Vehicles for Business Purposes Svo, 3 go 

Refrigeration, Cold Storage and Ice Making Svo, *4 50 

Sugar Machinery I2m0y *2 00 

Aerial or Wire Ropeways Svo, 3 00 

Walsh, J. J. Chemistry of Mining and Mine Ventilation, 

i2mo, *2 00 

Wanklyn, J. A. Water Analysis i2mo, 2 00 

Wansbrough, W. D. The ABCof theDifferentialCalculus.i2mo, *i 50 

Slide Valves i2mo, *2 00 

Waring, Jr., G. E. Sanitary Conditions. (Science Series No. 31.) 

i6mo, o 50 

Sewerage and Land Drainage *6 00 

Modem Methods of Sewage Disposal i2mo, 2 00 

-' How to Drain a House i2mo, i 25 
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Wimperis, H. E. Internal Combustion Engine 8vo, *3 oo 

Primer of the Internal Combustion Engine lamo, i oo 

Application of Power to Road Transport *. . iamo» *i 50 

Winchell, N. H., and A. N. Elements of Optical Mineralogj. 8 vo, *3 50 

Winslow, A. Stadia Surveying. (Scienca Series No. 77.).i6mo, o 50 
Wisser, Lieut. J. P. Explosive Materials. (Science Series No. 

70. ) i6mo, o 50 

Wisser, Lieut. J. P. Modern Gun Cotton. (Science Series No. 

89.) i6mo, o 50 

Wolff, C. E. Modern Locomotive Practice 8yo, "^4 20 

Wood, De V. Luminiferous Aether. (Science Series No. 85.) 

i6mo, o 50 
Wood, J. K. Chemistry of Dyeing. (Chemical Monographs.) 

lamo, *o 75 

Worden, E. C. The Nitrocellulose Industry. Two vols..8vo, '^'lo 00 

Technology of Cellulose Esters. In 10 vols 8yo. 

Vol. VIII. Cellulose Acetate *5 00 

Wren, H. Organometallic Compounds of Zinc and Magnesium. 

(Chemical Monographs.) x2mo, '^'o 75 

Wright, A. C. Analysis of Oils and Allied Substances Bvo, *3 50 

Simple Method for Testing Painter's Materials 8vo, *2 50 

Wright, F. W. Design of a Condensing Plant iimo, *i 50 

Wright, H. E. Handy Book for Brewers 8vo, *$ 00 

Wright, J. Testing, Fault Finding, etc. for Wiremen (Installa- 
tion Manuals Series) ztoOy *o 50 

Wright, T. W. Elements of Mechanics 8vo, *2 50 

and Hayford, J. F. Adjustment of Observations 8vo, ♦j 00 

Young, J. E. Electrical Testing for Telegraph Engineers. . .8vo, *4 00 

Zahner, R. Transmission of Power. (Science Series No. 40.) 

i6mo, 

Zeidler, J., and Lustgarten, Jt Electric Arc Lamps 8vo, *2 00 

Zeuner, A. Technical Thermodynamics. Trans, by J. F. 

Klein. Two Volumes.., Svo, *8 00 

Zipser, J. Textile Raw Materials. Trans, by C. Salter Svo, *5 00 

I Zur Nedden, F. Engineering Workshop Machines and Proc- 
esses. Trans, by J. A. Davenport Svo, *2 00 



D.Van Nostrand Company 

are prepared to supply, either from 

their complete stock or at 

short notice. 

Any Technical or 

Scientific Book 

In addition to publishing a very large 
and varied number of Scientific and 
Engineering Books, D.Van Nostrand 
Company have on hand the largest 
assortment in the United States of such 
books issued by American and foreign 
publishers. 



All inquiries are cheerfully and care- 
fully answered and complete catalogs 
sent free on request. 
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25 Park Place . • • . . New York 



